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@ Phased array antenna for efficient radiation of microwave and thermal energy.

@ An active phased array antenna for radiating
both microwave and thermal energy comprises a
plurality of subarray elements (20). Each element
(20) comprises heat generating means including
electronic circuit means comprising a plurality of
electronic components including an RF amplifying
means for generating radio frequency energy, hous-
ing means (30) formed of heat conducting material,
means mounting said circuit means in heat conduct-
ing relationship with said housing means (30), RF
probe means (56) connected with said electronic
circuit means, said housing means (30) including an
opening for receiving said RF probe means. An
upper panel assembly (22) of heat conducting ma-
terial includes a feed waveguide (24) and a plurality
of radiating waveguides (26), said feed waveguide
(24) receiving energy generated from said RF am-
plifying means and including a plurality of coupling
slots for coupling said RF energy to respective ones
of said plurality of radiating waveguides (26). Each
radiating waveguide (26) includes a plurality of ra-
diating slots (28) and a first mirror (42) bonded to an
outside surface of said upper panel assembly (28)
and having slots (44) aligned with said radiating slots
(28). A lower panel assembly (34) of heat conducting
material comprises a second mirror (46) bonded to
its outside surface and means (36, 38) joining at
least some portion of said upper and lower assem-
blies (22, 34) in heat conducting contact with each

other and with said housing means (30). A circuit
board (32) is positioned between said upper and
lower panel assembly (22, 34) for distributing power
and control signals to said electronic circuit means.
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Field of the Invention

This invention relates to phased array antennas
and more particularly to a lightweight active phased
array antenna that permits efficient radiation of
microwave energy as well as efficient radiation of
thermal energy in the presence of sunlight.

Background of the Invention

For commercial communications satellite ap-
plications, active phased array payloads require
more bias power and dissipate more thermal en-
ergy than conventional payloads. Therefore, they
require a very lightweight structure to offset the
weight increase in the power supply needed to
produce the same effective isotropic radiated pow-
er (EIRP). The active phased array must also ra-
diate RF and thermal energy efficiently to maintain
reasonable array areas and surface temperatures.

Summary of the Invention

According to the present invention, an active
phased array is provided that produces EIRP per-
formance equivalent to that of conventional com-
mercial payloads but at reduced weight and cost
as compared to the prior art. The array includes a
plurality of subarrays, each of which comprises an
upper RF radiating structure made of aluminum.
The upper structure includes a plurality of radiating
waveguides and a feed waveguide. RF radiating
slots are cut into one wall of each of the radiating
waveguides. A silver-quartz mirror is bonded to the
outside surface of the upper radiating surface. Slots
are etched in the silver coating of the quartz mirror
fo correspond with each radiating slot, so as not to
obstruct the RE energy radiated. The array further
includes a non-RF radiating lower aluminum sup-
port structure with a silver-quartz mirror bonded to
the outside face. The silver-quartz mirrors on the
exterior surfaces of the array provide a structure for
efficiently radiating thermal energy in the presence
of sunlight.

An active electronics module, mounted in a
housing of aluminum, includes an RF probe, and
associated electronics. The RF probe extends
through the module housing into the feed
waveguide and emits RF energy that is coupled
from the feed waveguide to the radiating
waveguides. The electronics module is thermally
connected to the aluminum support structure on
the bottom side of the array and to the RF radiating
structure on the top side of the array. Heat gen-
erated by the electronics module is conducted
through the aluminum housing of the active elec-
tronics modules and fransferred to the top and
bottom surfaces where it is radiated into cold
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space. Since there are many identical subarray
elements and electronic modules in the active ar-
ray, the heat sources are uniformly distributed over
the aperture area of the array. Consequently, the
need for heat pipes and thermal doublers is elimi-
nated. This passive thermal design, along with a
single structure that combines RF and thermal ra-
diating functions along with the mechanical integ-
rity greatly reduces the weight of the communica-
tions payload.

Brief Description of the Drawings

A more thorough understanding of the present
invention may be had from the following detailed
description, which should be read with the draw-
ings, in which:

FIGURE 1 depicts a set off active array panels

deployed from a body stabilized communica-
tions spacecraft similar to deployment of solar
panels;

FIGURE 2 depicts a plurality of subarray ele-

ments arranged in a triangular lattice;

FIGURE 3 is an exploded view of a subarray

element;

FIGURE 4 is a cross-sectional view of a subar-

ray element of Figure 3 and depicts the heat
rejection path for the element;

FIGURE 5 is an exploded view of a subarray

element of a second embodiment of the inven-
tion;

FIGURE 6 is a cross-cross-sectional view of the

subarray of Figure 5 and depicts the heat rejec-
tion path for the element.

Detailed Description of the Preferred Embodi-
ment

Referring now to the drawings and initially to
Fig. 1, a set of active array panels 10, 12 are
deployed from a body stabilized spacecraft 14
similarly to the deployment of a pair of solar panel
16 and 18. Each of the array panels 10, 12, include
a plurality of separate active array antenna, 10a-
10d, 12a-12d respectively. Each array antenna may
comprise many subarray elements, the number
depending on the required total radiated RF power.
These subarrays elements generally designated 20
are arranged in a friangular lattice as shown in Fig.
2. For a given required EIRP over a particular
coverage area, the dissipated power density de-
creases as the number of subarray elements in-
creases. When the number of subarray elements is
large enough, the array area is sufficient to radiate
the dissipated thermal power. For typical commer-
cial communications satellite applications, 400 sub-
array elements are usually sufficient.
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Referring now to Fig. 3, a subarray element 20
includes an aluminum upper panel assembly 22
having a feed waveguide 24 that is coupled with a
plurality of radiating waveguides 26. Each radiating
waveguide is provided with a plurality of radiating
slots 28 for transmitting RF energy. The RF energy
is generated from electronic devices housed within
an electronic module 30 made of aluminum, and
communicated by way of the feed waveguide 24
and radiating waveguides 26. The electronics de-
vices in the module 30 may include a solid state
power amplifier, variable phase shifter, variable at-
tenuator and control circuitry. The module 30 is
supplied with RF signals, control signals and DC
bias voltage over transmission lines, contained in a
multilayered circuit board 32, and connected with
electronics module 30 by pin connectors 33. All the
heat in the active array is produced by the elec-
tronic module 30 associated with each subarray 20
in the antenna.

A non RF radiating lower panel assembly 34,
formed of aluminum, is of the same general struc-
tural configuration as the plurality of radiating
waveguides 26 in the upper panel assembly 22.
Alternatively, the lower panel assembly 34 may be
of a honeycomb or any other configuration that will
provide support and add rigidity to the overall array
structure. The panel assembly 34 includes raised
portions or pads 36 and 38 that support the feed
waveguide 24. A silver-quartz mirror 42 is bonded
to the surface of the upper panel 22. So as not to
obstruct the RF radiation, slots 44 coinciding with
the slots 28, are etched in the silver coating of the
quarts mirror 42. A silver-quariz mirror 46 is also
bonded to the back side of the non-RF radiating
lower panel 34. A portion of circuit board 32 is
removed, as indicated at 48, for receiving the pad
38 and the electronic module 30.

The upper panel 22 of each of the subarray
elements 20 is preferably machined from a single
piece of aluminum during manufacture of the array.
Likewise, the lower panels 34 of the subarray ele-
ments 20 may be machined from a single piece of
aluminum. Also, the multilayered board is prefer-
ably constructed as a single board instead of in-
dividual boards and panels for each subarray. This
is depicted in the exploded view of Figure 3 where
the board is shown as continuing beyond the single
subarray, with a portion removed in order to ac-
commodate an electronic module associated with
an adjacent subarray.

Referring now to Fig. 4, the active electronic
devices are mounted on a circuit board 52 that is
secured to an interior wall 54 of the module 30. A
wire loop probe 56 is supported by the board 52, is
electrically connected with the electronic devices
on the board, and extends within the feed
waveguide 24. A coupling slot 58 is provided to
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couple RF energy from the feed waveguide 24 fo
the radiating waveguide 26. The RF energy is
radiated from the antenna through the radiating
slots 28. The arrows shown within the aluminum
structure, in Figure 4, show the heat conduction
paths from the active electronics heat source. Heat
generated by the electronic devices on the board
52 is conducted through the aluminum housing of
the module 30 and transferred to both the upper
and lower panels 22 and 34. Heat is radiated from
the panels into cold space. There are many iden-
tical subarray elements forming the array, each
with an associated electronic heat source. Con-
sequently, the heat sources are uniformly distrib-
uted throughout the active array. The heat pipes
and thermal doublers used in the prior art, are
therefore not needed, greatly reducing the weight
of the antenna.

Referring now to Figures 5 and 6, a second
embodiment of the invention is shown with cor-
responding elements designated by prime num-
bers. In this embodiment the slots 28' and 44' are
parallel to the direction of heat flow from the active
electronics on the circuit board 52'. This orientation
of the slots present less resistance to conduction of
heat from the electronics than does the perpen-
dicular orientation of the slots 28 and 44 or Figure
3. A further modification in this embodiment is the
manner in which probe 56' is attached to the circuit
board 52' as shown in Figure 6. The probe 56'
extends downwardly from the board 52', through an
opening 64 in the module 30" instead of perpen-
dicular to the board as in Figure 4. This permits a
press fit connection for all pin connectors 33" sup-
plying RF signals and DC control signals, along the
bottom edge of the module 30'. In Figure 6, the
probe extends through a rectangular opening 66 in
the pad 38 and communicates with the feed
waveguide 24' through a rectangular opening 68.
The RF energy emitted from the probe 56" encoun-
ters two E-plane bends 70 and 72 in the lower
panel 34' and feed waveguide 24' respectively, and
exits the feed waveguide at the four coupling slots
58', one of which is shown in Figure 6. Each slot
58' communicates with a radiating waveguide 26'
where the RF energy is radiated from the array
through the slots 28'. Preferably, the slots 58' are
disposed at angle relative to the slots 28' for exam-
ple, alternating between +45 degrees and -45 de-
grees relative to the orientation of the slots in the
four radiating waveguides 26"

In the drawings straight arrows 80 indicate con-
ducted heat whereas wavy arrows 82 indicate radi-
ated heat.

While the forms of the invention herein dis-
closed constitute presently preferred embodiments,
many others are possible. It is not intended herein
to mention all of the possible equivalent forms or
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ramifications of the invention. It is understood that
the terms used herein are merely descriptive rather
than limiting, and that various changes may be
made without departing from the spirit or scope of
the invention.

Claims

1. An active phased array antenna (10, 12) for
radiating both microwave and thermal energy,
comprising a plurality of subarray elements
(20; 20", each subarray element (20; 20') com-
prising:

heat generating means including electronic
circuit means (52; 52') comprising a plurality of
electronic components including an RF am-
plifying means for generating radio frequency
energy, housing means (30; 30') formed of
heat conducting material, means mounting said
circuit means (52; 52') in heat conducting rela-
tionship with said housing means (30; 30'), RF
probe means (56; 56') connected with said
electronic circuit means (52; 52'), said housing
means (30; 30") including an opening (64) for
receiving said RF probe means (56; 56');

an upper panel assembly (22; 22') of heat
conducting  material including a feed
waveguide (24; 24') and a plurality of radiating
waveguides (26; 26'), said feed waveguide (24;
24") adapted to receive energy generated from
said RF amplifying means and including a plu-
rality of coupling slots (58; 58') for coupling
said RF energy to respective ones of said
plurality of radiating waveguides (26; 26'), each
of said radiating waveguides (26; 26') including
a plurality of radiating slots (28; 28') therein for
radiating RF energy, a first mirror (42; 42"
bonded to an outside surface of said upper
panel assembly (22; 22") and having slots (44;
44") etched therein which are aligned with said
radiating slots (28; 28');

a lower panel assembly (34; 34") of heat
conducting material, a second mirror (46; 46')
bonded to an outside surface of said lower
panel assembly (34; 34'), means (36, 38; 36,
38') joining at least some portion of said upper
and lower assemblies (22, 34; 22', 34") in heat
conducting contact with each other and with
said housing means (30; 30') to form a com-
posite assembly; and

a circuit board (32; 32') positioned be-
tween said upper and lower panel assemblies
(22, 34; 22', 34") for distributing power and
control signals to said electronic circuit means
(52; 52).

2. The antenna of claim 1, characterized in that
said mirrors (42, 46; 42', 46') are silver-quartz
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mirrors.

The antenna of claim 1 or claim 2, character-
ized in that said heat conducting material is
aluminium.

The antenna of any of claims 1 - 3, character-
ized in that said radiating slots (28; 28') are
substantially aligned with the direction of heat
conduction in said radiating waveguides (26;
26").

The antenna of any of claims 1 - 4, character-
ized in that said lower panel assembly (34; 34")
includes a pair of raised support pads (36, 38;
36', 38" in thermal contact with said upper
panel assembly (24; 24").

The antenna of claim 5, characterized in that
one (38') of said pads (36, 38; 36', 38" is a
hollow waveguide structure adapted to couple
RF energy to said feed waveguide (24') and is
provided with an opening (66, 68) for receiving
said RF probe means (56').

The antenna of any of claims 1 - 6, character-
ized in that it is deployed from a spacecraft
(14) and allows thermal energy to be radiated
from the outwardly facing surfaces of each
panel (22, 34; 22', 34') into cold space.
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